Seeds of crested wheatgrass (Agropyron desertorum [Fisch. ex Link] Schult.), planted at a depth of 1 inch, germinated well because of relatively constant and favorable moisture conditions. These seeds rapidly synthesized hexose phosphate, uridine diphosphate hexose, nicotinamide adenine dinucleotide, adenosine diphosphate, adenosine triphosphate, and other phosphate esters. Synthesis began 2 to 4 weeks before germination was observed. In contrast, seeds on the soil surface failed to germinate because of generally unfavorable and rapidly fluctuating moisture conditions. Adenosine triphosphate, the principal phosphate ester formed in these seeds during brief periods of precipitation, was broken down during periods of drought. Although these measurements include only a few of the biochemical reactions that occur in seeds, they contribute to an understanding of the environmental conditions that promote or retard germination processes and help explain the reasons for success or failure of seedjngs on semiarid rangelands.-
Severe environments often determine the success or failure of range seedings.
Unfortunately, there is often little information available to determine why certain seedings result in failures.
A seeding operation that is successful one year may not be successful the next even though conditions appear to be similar.
Thus, there is a need to understand more precisely the conditions that are essential for success. Information is needed to determine (1) how intensively to prepare a seedbed, (2) (Nelson et al., 1970) .
Materials and Methods
The (Peterson and Sober, 1959; Wilson and Harris, 1966) . Net synthesis of phosphate esters was detected by measuring total phosphate in fractions of the effluent from the ion exchange column (Bartlett, 1959) . Portions of the effluent were dried in stainless steel planchets, and 32P incorporation in phosphate esters was detected by radioassay in an automatic beta counter.
Precipitation, relative humidity, air temperature 6 inches above the ground, and soil temperature at a depth of 1 inch were recorded. Soil water potentials were measured in the laboratory with a thermocouple psychrometer (Camp bell et al., 1966) . In the case of very dry soil samples, the thermocouple was positioned over a -10 atmosphere KC1 solution, cooled with a 7.5 milliampere current for 30 minutes, and then rotated to the soil sample to record the voltage output.
Samples for measuring water potential were taken from within the %-inch of soil immediately below the seed samples.
Results

Loss of YzP from Seeds
A radioassay was made of orthophosphate fractions from the ion exchange column to estimate the amount of 32P washed from seeds by rain.
Rain washed as much as 95% of the :s%P from seeds on the soil surface and as much as 72% from seeds at a depth of 1 inch (Table  1) . Therefore, no attempt was made to compare 82P incorporation in seeds planted on the soil surface.
Qualitative comparisons were made of 32P incorporation in seeds at a depth of 1 inch. Loss of 32P from seeds did not interfere with measurements of net synthesis of phosphate esters.
Environment
Throughout the 32-day periods in the fall and spring, daily maximum temperatures ( Fig. 1 ) were within the range in which crested whea tgrass seeds germinate (Ellern and Tadmor, 1967) . However, daily minimum temperatures fell to 32 F, or lower, during 9 days in the fall and 7 days in the spring. Temperatures were lower and less favorable for germination in the fall than in the spring.
Surface moisture conditions were often favorable for germination when the relative humidity was 100% (Fig. 2) . Relative humidity increased to 100% on 16 occasions in the fall and 13 in the spring. Even the longest period of continuous 100% relative humidity (56 hours) was too short for seeds to germinate at the prevailing temperatures.
The average duration of the 100% humidity periods was 11 hours in the fall and 5 hours in 
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the spring. The daily minimum humidities indicate that seeds on the soil surface were often exposed to severe drying conditions. Precipitation and soil water potential are reported in detail in connection with seed metabolism and germination.
Steep water potential gradients frequently existed in the surface soil. In one instance the gradient was -500 atmospheres per inch.
In the absence of precipitation and during periods of low humidity, surface soil dried rapidly. For example, water potential of surface soil decreased from -4 atmospheres to -300 atmospheres in one Z-day period.
Fall Planting on the Soil Surface
In the absence of precipitation during the first 2 days, the water potential of surface soil decreased from -60 atmospheres at planting time to -300 atmospheres. The concentrations of phosphate esters in seeds on the soil surface were the same as in seeds before they were planted, indicating that no net synthesis had taken place (Fig 3) . Kainfall of 0.17 inch during the 3-to &day period provided moisture for seed metabolism.
An increase in concentration of UDPhexose" and adenosine triphosphate was detected on the eighth day even though the water potential of surface soil had decreased to -200 atmospheres.
In the absence of precipitation during the 9-to 16-day period, the water potential of surface soil decreased to -400 atmospheres.
UDPhexose and adenosine triphosphate were largely broken down. 
Fall Planting at l-Inch Depth
The water potential of soil at the l-inch depth was -60 atmospheres at the time of planting and decreased to -70 atmospheres during the first 2 days. In these dry conditions, seeds incorporated traces of 32P in hexose-P (Fig. 4) . The radioactivity in fractions 220 to 240 represents an impurity in the 32P with which seeds had been treated. Net synthesis of phosphate 
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esters, as indicated
by total phosphate measurements, was not detected during the first 2 days.
As a result of precipitation during the 3-to S-day period, soil water potential at the l-inch depth increased to -12 atmospheres. Seeds incorporated 32P in nicotinamide adenine dinucleotide, hexose-P, UDP-hexose, adenosine triphosphate, inositol hexaphosphate, and other phosphate esters. Total phosphate measurements indicated a marked increase in the concentrations of hexose-P, UDP-hexose, and adenosine triphosphate.
In the absence of precipitation during the 9-to 16-day period, water potential of soil at a depth of 1 inch decreased to -21 atmospheres. Little change in concentrations of phosphate esters occurred during this period. Precipitation during the 17-to 32-day period increased soil water potential to -1 atmosphere. Seeds incorporated additional s2P in phosphate esters and synthesized increased amounts of hexose-P, UDPhexose, and adenosine triphosphate. At 24 clays none of the seeds had germinated.
At 32 days, 40% of the seeds had germinated but had not emerged.
Moisture conditions at the l-inch depth remained favorable during the winter months, but low temperatures delayed emergence of seedlings until February.
Spring Planting on Soil Surface
In the absence of precipitation during the first 2 days, water potential of surface soil decreased from 4 atmospheres at time of planting to -300 atmospheres.
No synthesis of phosphate esters was detected (Fig. 5). Precipitation of 0.31 inch moistened the soil surface during the first part of the 3-to S-day period. However, any phosphate esters that may have been synthesized during favorable moisture were broken down as the surface soil dried to a water potential of -500 atmospheres. Precipitation of 0.23 inch, preceding the sampling of seeds at 16 days, moistened the surface soil to a water potential of -1 atmosphere. Seeds synthesized adenosine triphosphate.
Precipitation of 0.28 inch fell during the 17-to 24-day period, but none fell in the 25-to 32-day period. This resulted in drying of surface soil to -800 atmospheres. Adenosine triphosphate was largely broken down during the dry period.
As in the fall experiment, the increase in adenosine monophosphate suggested that adenosine triphosphate had been dephosphorylated. None of the seeds on the soil surface germinated.
Spring Planting at l-Inch Depth
Soil water potential was 4 atmospheres at time of planting and decreased to -5 atmospheres in 2 days.
Seeds synthesized hexose-P, UDP-hexose, and adenosine triphosphate (Fig. 6 ). On the eighth day, soil water potential at the l-inch depth was -4 atmospheres.
Seeds incorporated 32P in many phosphate esters. The concentrations of hexose-P, UDPhexose, and adenosine triphosphate markedly increased. None of the seeds had germinated at 8 days. Precipitation during the 9-to 16-day period increased the water potential of soil at a depth of 1 inch to -2 atmospheres. Seeds synthesized high concentrations of hexose-P, UDP-hexose, and adenosine triphosphate.
At 16 days, 50% of the seeds had germinated.
Seedlings had emerged at 32 days. tected in the experiment with dead seeds.
Discussion
Measurements
of both environment and seed responses to environment are needed to understand more precisely the conditions that are essential for successful seeding of semiarid rangelands.
This study has dealt with the question: what seed measurements will meaningfully reflect the effects of environment?
The measurements should be (1) representative of the metabolic activity of seeds, (2) 
